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An account of previous work on cathepsin may be found in the 
monograph of Pozzi (1935). 
In the hemoglobin method for the estimation of protelnase, dena- 
tured hemoglobin is digested and the digestion products not precip- 
itable by  trichloracefic acid are estimated colorimetrically.  Hemo- 
globin, unlike commercial casein, edestin, and gelatin, is a reproducible 
substrate,  Only the very first  stages of digestion are measured by 
the tfichloracetic acid method, for only a small amount of digestion is 
needed to  make hemoglobin not precipitable by trichloracetic acid. 
Thus, only true proteinase is estimated by the hemoglobin method. 
Almost all the estimations of proteinase recorded in the literature 
have  been made with  substrates  that  are not  reproducible.  As  a 
result, the values of proteinase activity obtained in different labora- 
tories, or in the same laboratory with different batches of substrate, 
are not quantitatively comparable.  Furthermore, most of the values 
of proteinase activity recorded, in particular those obtained by the 
Willst~tter  school,  were obtained  by  methods  which  estimate  not 
proteinase  activity  alone but  the  activity of proteinase  plus  other 
proteolytic enzymes.  As a  result,  the values obtained by  different 
investigators  are  not  even  qualitatively  comparable.  The  hemo- 
globin-trichloracetic acid method estimates  proteinase  alone, yields 
reproducible results, and has now been applied to the four known types 
of proteinase, pepsin (Anson and Mirsky (1932-33)),  trypsin (Anson 
and  Mirsky  (1933-34)),  papain  (Anson  (1936-37)),  and  cathepsin. 
It would seem desirable that if  some other method is used,  either 
independent evidence be given that the method estimates proteinase 
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alone and yields reproducible results, or that the results obtained by 
the other method be compared with those given by the hemoglobin 
method. 
The hemoglobin solution used for the estimation of cathepsin (2 per 
cent denatured hemoglobin in 0.2 N acetic acid) has a pH of 3.7.  The 
rate of digestion can be decreased but not increased by the addition 
of acid or alkali.  Pepsin has at pH 3.7 only a  small portion of its 
activity at pH 2.5.  At pH 2.5 cathepsin is rapidly destroyed. 
The activity of liver cathepsin, as measured by the hemoglobin- 
trichioracetic acid method, is not affected by the addition to 6 ml. of 
digestion mixture of 1 ml. of 0.1 M cysteine, 0.02 w copper sulfate or 
0.01 M iodoacetic acid.  Cathepsin is not a proteinase of the papain 
type.  There is no reason to believe that proteinase action in living 
cells or the first stages of proteolytic autolysis is regulated by heavy 
metal and sulfhydryl compounds. 
If the hemoglobin solution used for the estimation of cathepsin is 
too acid, cathepsin is destroyed in the hemoglobin solution.  Cysteine 
slows but does not stop this destruction.  In an acid solution in which 
cathepsin is unstable, therefore, cysteine increases the rate of digestion. 
This cysteine effect is neither activation of the enzyme nor removal of 
an inhibitor. 
In the standard hemoglobin solution cathepsin is stable.  Although 
to estimate cathepsin digestion has, in the past, usually been carried 
out for 24 hours at 37°C., in general the stability of cathepsin in the 
substrate solutions used has not been tested. 
Liver extract contains, in addition to the proteinase  (or group of 
proteinases) called cathepsin, other proteolytic enzymes which digest 
further the split products produced by cathepsin.  The rate of this 
further digestion is increased by cysteine and decreased by iodoacetic 
acid.  The incorrect conclusion that cathepsin is a proteinase of the 
papain type was based on supposed estimations of proteinase which 
were in reality estimations of cathepsin plus other proteolytic enzymes. 
The digestion of globin by liver extract can be followed either by the 
trichloracetic acid method or by formol titration.  As measured by 
the trichloracetic acid method, which estimates only proteinase, the 
rate of digestion of giobin, like that of hemoglobin and casein, is not 
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titration method, which estimates the total action of all the proteolytic 
enzymes, the rate of digestion of globin in the same solution is in- 
creased by cysteine and decreased by iodoacetic acid, even when the 
increase in formol titration for 6 ml. of digestion mixture is only 1 ml. 
of 0.02 N sodium hydroxide. 
In the presence of iodoacetic acid, liver extract produces no detect- 
able increase in the formol titration of a  cysteine-containing gelatin 
solution of pH 3.2.  Gelatin, the most commonly used substrate for 
the estimation of cathepsin, is digested by cathepsin only slightly, if 
at all.  It is generally assumed that iodoacetic acid inhibits enzyme 
action by combining with SH groups.  The combination of iodoacetic 
acid with SH groups at pH 3.2,  however, has not yet been demon- 
strated. 
In the estimation of cathepsin by the hemoglobin method not only 
is the digestion solely due to proteinase, but only the first stages of 
digestion by  proteinase are  measured, for  two  reasons.  First,  the 
greater the extent of digestion, the less is the percentage increase in 
the extent of digestion due to a given increase in the amount of enzyme 
used or in the time of digestion.  Secondly, the greater the extent of 
digestion, the greater the inhibition by split products and the greater 
the possibility of other proteolytic enzymes influencing the rate  of 
digestion by destroying inhibitory split products. 
Before the hemoglobin method is used for the estimation of any 
proteinase of the cathepsin type, the optimum pH, the shape of the 
digestion curve, and the effect of iodoacetic acid should first be deter- 
mined.  For instance, the cathepsin of bakers' yeast digests hemo- 
globin most rapidly af a  pH more alkaline than that at  which liver 
cathepsin digests hemoglobin most rapidly.  For the estimation of 
yeast cathepsin, 0.6 ml. of 1 N sodium hydroxide is added to each 10 
ml. of the standard hemoglobin solution used for the estimation of 
liver cathepsin.  The digestion by yeast cathepsin, like that by liver 
cathepsin, is not affected by iodoacetic acid. 
Preparation of Hemoglobln.--Whlpped beef blood is centrifuged, the serum and 
white blood corpuscles are siphoned off, the red corpuscles are stirred with an 
equal volume of cold 1 per cent sodium chloride solution, centrifuged again, and 
stored frozen.  The corpuscles  are dialyzed overnight against cold  distilled water 
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substances.  On one occasion hemoglobin dialyzed against running tap water in 
a large jar gave satisfactory results.  The concentration of the dialyzed hemoglo- 
bin is estimated by the color it gives with the phenol reagent.  Water is added to 
give a  solution containing  10  gm.  hemoglobin in  100  ml.  of solution, and  the 
solution is stored at 5°C. with toluol as a  preservative.  1.5 mg. of hemoglobin 
gives the same color as 0.15 mg. of tyrosine. 
Preparation of Substrate Solution.--First  40 ml. of 5 N acetic acid and then 200 
ml. of 10 per cent dialyzed hemoglobin are added to 760  ml. of distilled water 
previously heated to boiling.  The solution is cooled with tap water, shaken with 
toluol, allowed to come to 5°C.  in a  refrigerator, filtered with suction with the 
aid of Standard Super-Cel (Johns-Manville) and the filtrate is stored at 5°C. with 
toluol as a preservative. 
The  experiments described in  this paper were  carried out  with  hemoglobin 
substrate prepared as just described.  The substrate solution, like the other hemo- 
globin substrate solutions, contained a  little toluol as a  preservative.  Recently 
Dr. M. Kunitz found that a large amount of toluol decreases the rate of digestion 
of the hemoglobin substrate by trypsin.  There is a similar but smaller effect of 
toluol on the digestion of hemoglobin by pepsin and  cathepsin.  The effect on 
cathepsin can be diminished but not completely abolished by a  preliminary re- 
moval of the stromata with ether and sodium chloride.  As a  result of these 
observations toluol is no longer used at any stage of the preparation of any of the 
hemoglobin substrates.  The washed red blood corpuscles are  dialyzed as soon 
as they are  prepared  and  then  frozen.  In  the  preparation  of  the  cathepsin 
substrate after the hemoglobin  is  added  to  the  hot  acetic  acid  solution,  the 
solution  is  promptly  cooled  and  then  can  be used  immediately.  1 mg.  of 
the preservative, merthiolate  (Lilly), is  added  to  each  50  ml.  solution.  Ac- 
cording to  the manufacturer,  this small amount  of preservative suffices to pre- 
vent bacterial growth.  Larger amounts of merthiolate give an appreciable color 
with the phenol reagent. 
For the estimation of purified spleen cathepsin with hemoglobin I  now use 2 
per cent hemoglobin dissolved in 0.4 N acetic acid.  The use of the stronger acid 
does not change the rate of digestion but it makes the rate of digestion less sensi- 
tive to the addition of alkali. 
Estimation.--1  ml. of enzyme solution is added to 5 ml. of hemoglobin solution. 
Digestion is carried out at 37°C. for a length of time depending on the amount of 
enzyme used, but never for less than  10 minutes.  Digestion is stopped by the 
addition of  I0 ml. of 0.3  ~r trichloracetic acid.  (Trichloracetic acid should be 
titrated rather than weighed, for commercial samples of trichloracetic acid contain 
varying amounts of water.)  The suspension is filtered.  To  5 ml. of filtrate is 
added rapidly 10 ml. of 0.5 N sodium hydroxide and in fast drops, with shaking, 
3 ml. of the phenol reagent of Folin and Ciocalteau (1927)  diluted with twice its 
volume of water.  The resulting blue solution is estimated colorimetrically after 
1-5 minutes in the fairly monochromatic light transmitted by the Coming glass M.  L.  ANSON  569 
filter No. 241, with a blue glass as a standard.  The blue glass is calibrated with 
the blue solution obtained by the reaction of the phenol reagent with 0.15 rag. 
tyrosine.  For the color development with tyrosine 5 minutes are allowed. 
If copper sulfate is present in the digestion mixture, then 1.5 ml. of trichloracetic 
acid filtrate is used for estimation.  To this 1.5 ml. are added 4.9 ml. of water, 1 
drop of 0.1 ~  copper sulfate, and 8.6 ml. of 0.5 N sodium hydroxide.  The smaller 
amount of filtrate is used because copper sulfate increases the color given by the 
phenol reagent (Herriott (1935-36)).  One drop of copper sulfate solution is added 
to assure the maximum copper effect.  Less sodium hydroxide is added because 
there is less tricfiloracetie acid to neutralize.  When there is no acid other than 
the phenol reagent to be neutralized, 8 ml. of sodium hydroxide is used in the 
colorimetric procedure. 
When cysteine is present, 1 ml. of 38 per cent formaldehyde and 10 ml. of 0.5 N 
sodium hydroxide are added to 5 ml. filtrate and the phenol reagent is added 5 
minutes later.  The  formaldehyde diminishes the color due  to the hemoglobin 
split products but almost abolishes the color given by cysteine.  As a  control, 
when the effect of eysteine on digestion is being tested, the amount of cysteine 
present during digestion is added just before the addition of trichloracetic acid. 
Definition of Cathepsin Unit [C. u.]H~.--The initial rate of digestion by 1 unit of 
cathepsin is such that there is produced per minute at 37°C. in 6 ml. of digestion 
mixture an amount of color-producing substance not precipitable by trichloracetic 
acid which gives the same color as 1 miMequivalent of tyrosine. 
Calibration Curves.--To  10  ml.  of hemoglobin solution are added 20  ml.  of 
trichioracetic acid and then 2 ml. of enzyme solution.  The suspension is filtered. 
To 5 ml. of filtrate are added 1 ml. of tyrosine solution, 10 ml. of 0.5 N sodium 
hydroxide, and 3 ml. of phenol reagent.  Three samples are treated in this way, 
the tyrosine solutions containing 0.075, 0.15, and 0.225 rag. tyrosine.  The colors 
are compared with the color given by 0.15 mg. tyrosine dissolved in 8 ml. of water 
plus 8 ml. of 0.5  N sodium hydroxide.  When the results are plotted it will be 
found that they fall in a straight line which gives the relation between the color 
given by various amounts of tyrosine in pure solution and in the trichloracetic 
acid filtrate. 
Digestion is carried out for various lengths of time with 1 ml. enzyme solution 
and the colors are read as previously described.  Doubling the time is taken to be 
equivalent to doubling the amount of enzyme.  From the straight line already 
obtained, the tyrosine equivalents of 5 ml. samples of filtrate are read.  These 
values are converted into  milliequivalents (0.15  rag.  -- 0.00083  miMequivalent) 
and multiplied by 16/5  to give the tyrosine equivalents of the whole 16 ml. of 
filtrate.  From such data the curve of Fig. 1 is plotted. 
Recently, using cathepsin from spleen and using substrate and enzyme solutions 
having a very small blank, I obtained a curve slightly different from the curve of 
Fig. 1.  For the present, therefore, the validity of the curve used for the estima- 
tion of any cathepsin should always be checked. 
Water Blank.--To obtain a water blank, 1 ml. of water and 10 ml. of trichlor- 570  ESTIMATION OF CATHEPSIN WITH HEMOGLOBIN 
acetic acid are added to 5 ml. of hemoglobin solution.  The color given by 5 ml. 
of filtrate plus 1 ml. of tyrosine solution containing 0.15 mg. tyrosine is measured. 
If this color value changes either a correction should be made or the hemoglobin 
solution rejected. 
If there is much difference between the water blank and the enzyme blank, the 
enzyme solution should be purified or diluted. 
FIG.  1.  Relation  of  amount  of  cathepsin  used  for  10  minutes  digestion  of 
hemoglobin at 37°C. and color value of trichloracetic acid filtrate. 
If there is not much difference between the water blank and the enzyme blank, 
calculations can be avoided by using a curve giving the cathepsin unit correspond- 
ing to various colorimeter readings. 
Effect of Various Substances on Digestion.--The addition of 1 ml. of 
the  following  solutions  to  6  ml.  of  digestion  mixture  has  the  same 
effect, within  3 per cent, as the addition of 1 ml. water: 0.1  N hydro- 
chloric  acid,  0.1  N  sodium  hydroxide,  glycerine,  0.05  ra  ammonium 
sulfate, 1 N sodium chloride, 0.01 ~r iodoacetic acid, 0.02 copper sulfate, 
1 •  urea.  1 ml. 0.1  M cysteine has the same effect on the color value ~t.  L.  ANSO~  571 
of the trichloracetic acid filtrate in  formaldehyde solution whether 
the cysteine is added before the enzyme or at the end of digestion just 
before the addition of trichloracetic acid. 
Effect  of  Temperature.--The  amount of  digestion of  hemoglobin 
produced by cathepsin in  10 minutes at  37°C. is the same as that 
produced in 18 minutes at 25°C. 
Stability.--The  stability of cathepsin in the standard hemoglobin 
solution is  shown by the experiments given in Table  I.  Were  the 
enzyme not stable, there would be more digestion in  10 minutes by 
3.8  X  10-4 [C. u.]  m  than in 60 minutes by one-sixth that  amount of 
enzyme. 
TABLE  I 
Stability of Catl~psin in Hemoglobin Solution 
1 ml. enzyme solution plus 5 ml. hemoglobin  solution -  25°C. 
Color value 
Enzyme solution  Digestion  5 ml. triclflor-  acetic acid 
filtrate 
(1)  1 ml. cathepsin solution 3.8 X  10  -4 [C. u.lHb. ........ 
(2)  1 ml. cathepsin solution 3.8 X  10-* [C. U.]  Hb ......... 
(3)  1 ml. digestion mixture (1) removed after 10 rain. at 25°C 
contains some split products ...................... 
m/n. 
10 
60 
60 
rag. Syrosine 
0.198 
0.193 
0.207 
Destruction in Acid.--The experiments given in Table II show that 
the addition of 0.5 ml. of 0.4 N hydrochloric acid to 5 ml. of hemo- 
globin solution (pH of mixture, 2.3)  causes a  decrease in the rate of 
digestion which is due to destruction of the enzyme and that the rate 
of digestion in the hydrochloric acid-hemoglobin solution is higher and 
the destruction of enzyme less if cysteine is added. 
Effects of Iodoacetic Acid and Cysteine on Digestion of Globin, Casein, 
and Gelatin as Measured  by Trichloracetic Acid and Formol Titration 
Methods.--The  experiments given  in  Table  II  show  that:  (1)  the 
digestion  of  globin  and  casein,  as  measured by  the  trichloracetlc 
method, is not affected by cysteine and iodoacetic acid; (2) the diges- 
tion of globin, as measured by formol titration, is increased by cysteine 
and decreased by iodoacetic acid; and  (3)  in  the presence of both 572  ESTIMATION  O:F  CATIIEPSIN  wITH  HEMOGLOBIN 
cysteine and iodoacetic acid, liver extract causes no increase in  the 
formol titration of gelatin. 
The globin solution was a 2 per cent solution of acid acetone beef globin (Anson 
and Mirsky (1929-30)).  The pH (by glass electrode) was 2.7. 
TABLE  II 
Instability of Cathepsin in Acid Solution.  Partial Protection  by Cysteino 
Enzyme solution 
(1)  1 ml. cathepsin 2.3 
X  10  -4 [C. U.] Hb 
(2)  .... 
(3)  .... 
(4)  1 ml. digestion mix- 
ture (3) removed 
after 10 rain. 
(5)  1 ml. cathepsin 4.6 
X  10  -4  [C.  U.]  Hb 
(6)  .... 
(7)  1 ml. digestion mix- 
ture (5) removed 
after 10 min. 
(8)  1 ml. digestion mix- 
ture (6) removed 
after 10 rain. after 
addition  of  cys- 
teine and sodium 
hydroxide 
Substrate solution 
5 ml. hemoglobin 
5 ml. hemoglobin +  0.5 ml. 
0.4 I~ hydrochloric acid 
~  4t 
5 ml. hemogiobin 
To 5 ml. (5 ml. hemoglobin + 
0.5 ml.  0.4 N hydrochloric 
acid) add 0.5 ml. 0.1 ,x cys- 
teine hydrochloric +  0.5 ml. 
0.1 N sodium hydroxide 
Like  (5)  but  cysteine  and 
sodium  hydroxide  added 
just  before trichloracetic 
acid 
5 ml. hemoglobin 
5 ml. hemoglobin 
Color value 
3 ml. 
Color value  trichlora- 
S ml. trichlor- 
acetic acid  cetic acid 
filtrate + 
filtrate  I ml. form- 
aldehyde 
rag. tyrosine  rag. tyrosin~ 
0.137  0.093 
0.06 
0.062 
Negligible 
0.111 
0.006 
O. 088 
O. 055 
The gelatin solution was a 2.5 per cent solution of isoelectric gelatin (Northrop 
and Kunitz (1927-28)) in water.  The pH of 10 ml. gelatin solution plus 0.5 ml. 
0.2 ~  cysteine hydrochloride was 3.2. 
To prepare the casein solution 2.5 gin. Hammarsten's casein and 15 gin. urea M.  L.  ANSON  573 
are shaken together and dissolved by the addition first of 18 ml. 0.1 N hydrochloric 
acid and then of 82 ml. water; pH by glass electrode, 3.2.  With more or less urea 
the rate of digestion is less. 
TABLE  III 
Effect of Iodoacetic Acid and Cysteine on Digestion by Liver Cathepsin as Measured by 
Trichloracetic Acid and Formol Titration Methods 
ml. cathepsin 
C. u.lHb X 
104 
(1)  ~.s 
(2)  1.5 
(3)  1.5 
(4)  1.5 
(s)  7.5 
(6)  7.5 
(7)  7.5 
(8)  3.75 
(9)  3.75 
(10)  7.5 
(11) 7.5 
(12)  7.5 
Substrate solution 
Diges- 
tion  at 
37°C. 
5 ml, globin +  0.5 ml. 0.1 M cysteine 
hydrochloride +  0.4 ml. 0.1 ~  so- 
dium hydroxide 
Like (1) but cysteine and sodium hy- 
droxide added just before tfiehlor- 
acetic acid 
5 ml. globin +  1 ml. water 
5 ml. globin +  1 ml. 0.01 iodoacefic 
acid 
5 ml. of (10 ml. globin +  1 ml. water)  0.65 
5 ml. of (10 ml. globin +  1 ml. 0.01  0.45 
iodoacetic acid) 
5 ral. of (10 ml. globin +  0.5 ml. 0.2 ~r  1.25 
cysteine  hydrochloride  +  0.8 ml. 
0.1 N sodium hydroxide) 
5 ral. casein +  1 ml. 0.01 N  hydrochloric  0.143 
acid 
5 ml. casein +  1 ml. 0.01 tq iodoacetic  0.138 
acid 
5 ml. of (10 ml. gelatin +  0.5 ml. 0.2 N  0.05 
hydrochloric acid 
5 ml. of (10 ml. gelatin +  0.5 ml. 0.2 M  0.'55 
cysteine hydrochloride) 
5 ml. of (10 aft. gelatin +  0.5 ml. 0.2 ~r  0.05 
cysteine hydrochloride +  0.2 ml. 0.1 
iodoacetie acid) 
Color 
Increase  Color  value 5 mL 
in formol  value 5 ml.  trlchlor- 
titration  trichlor-  acetic add 
of 6 ml.  digestion  acetic acid  filtrate + 
nnxture  filtrate  1 ml. form. 
aldehyde 
ml. 0.02 t¢ 
~odlum  mg.  mg. 
hydroxide  tyrosin6  |yroslne 
0.115 
0.109 
0.135 
0.135 
The trichloracetic acid procedure is that described for the hemoglobin method, 
the formol titration procedure that described by Northrop (1932-33)) except that 
the entire titration is carried out with 0.02 N sodium hydroxide. 
Preparation  of Enzyme.--Frozen beef liver is ground, stirred with twice its 574  ESTIMATION OF  CATI-LEPSIN WITH HEMOGLOBIN 
weight of water and 15 per cent its weight of toluol (Eastman practical), allowed 
to stand overnight at room temperature, and filtered through gauze.  1 N hydro- 
chloric acid is then added with stirring,  the proper amount being first determined 
by trial with a small sample of solution.  If 55 gm. of ammonium sulfate is added 
immediately per liter of acidified sample and the suspension filtered, the hemoglo- 
bin-free filtrate should  be olive green to brom cresol green.  An hour after the 
proper amount of hydrochloric acid has been added to the bulk of the solution 55 
gm.  ammonium sulfate is added per liter of acidified solution.  The precipitate 
formed is filtered off and the filtrate is made purple to brom cresol purple by the 
addition of 1 ~ sodium hydroxide.  364 gm. of ammonium sulfate is added to each 
liter of solution and the suspension is filtered.  The precipitate is dialyzed over- 
night against cold 2 per cent sodium chloride in a shaking dialyzer.  The amount 
of enzyme preparation used for estimation (10 minutes digestion  at 37°C.) has 
about 0.2 mg. protein nitrogen.  This has about the same activity as the autol- 
ysate from 70 mg. of liver. 
The purification of cathepsin will be discussed in  detail in a  later 
paper.  Since  the  experiments  described in  this  paper  were  carried 
out,  the  procedure  for  the  purification  has been  changed  and  the 
purification  carried  further.  The  specific  activity  of  the  present 
preparation is of the order of the specific activities of the crystalline 
proteinases.  This  very  active  cathepsin  causes  no  appreciable  in- 
crease in formol titration when added  to an acid gelatin  solution con- 
taining  cysteine.  Such a  result was  expected since  the  experiments 
described in this  paper  showed  that  the digestion of  gelatin  which 
can be measured by formol titration and which is increased by cysteine 
and decreased by iodoacetic acid is due not to cathepsin but to pep- 
tidases  which  accompany  cathepsin  in  crude  or  partially  purified 
extracts. 
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